From Macroscopic to Microscopic: Experimental and Computational Methods to Investigate Bio-tribology by Maiti, R et al.
This is a repository copy of From Macroscopic to Microscopic: Experimental and 
Computational Methods to Investigate Bio-tribology.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/152611/
Version: Accepted Version
Proceedings Paper:
Maiti, R, Wagner, R, Martinez Sanchez, NA et al. (7 more authors) (2019) From 
Macroscopic to Microscopic: Experimental and Computational Methods to Investigate 
Bio-tribology. In: IFMBE Proceedings. 7th International Conference on the Development of 
Biomedical Engineering in Vietnam (BME7), 27-29 Jun 2018, Ho Chi Minh City, Vietnam. 
Springer Verlag , pp. 213-216. ISBN 9789811358586 
https://doi.org/10.1007/978-981-13-5859-3_38
© Springer Nature Singapore Pte Ltd. 2020. This is an author produced version of a paper 
published in IFMBE Proceedings. Uploaded in accordance with the publisher's 
self-archiving policy.
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
From Macroscopic to Microscopic: Experimental and 
Computational Methods to investigate Bio-Tribology 
Raman Maiti1, Rasmus Wagner1, Noe A. Martinez Sanchez2, Alejandro Ramirez-
Reivich2, Peter Ellison3, Cecile Perrault1, Matt J. Carre1, Rob Dwyer-Joyce1, Anne 
Neville4, Roger Lewis1 
1University of Sheffield, Sheffield, UK 
2National University Autonomous Mexico, Mexico City, Mexico 
3University of Bergen, Norway 
4University of Leeds, Leeds, UK 
R.Maiti@Sheffield.ac.uk 
Abstract. Tribology is an important factor (among other factors) during biolog-
ical interactions of devices and tissues. The paper discusses how new computa-
tional and experimental methods can be used to understand and improve the de-
sign and development of medical devices at macro and micro scales to sustain 
life beyond 50 years.  
We have used pre-clinical experiments and computational methods to under-
stand interactions between orthopaedic implants at the macro scale. The compu-
tational model has been validated with experiments. Now this computational 
model can predict damage in implants for different patients. One such applica-
tion was successfully tried and tested in collaboration with University National 
Autonomous Mexico. This methodology can be used in future to design patient 
specific, affordable (using 3D printing) and robust implants which will be useful 
for developing countries like Vietnam, India and Mexico.  
Improvement of catheter designs is important to reduce damage to the internal 
tissues while being used for cardiovascular problems. We are developing new 
experimental techniques (in micro scale) that can be used to understand the in-
teraction of cells with the catheter material. These will help reduce the hospital 
costs incurred during longer stay of the patients admitted for cardiovascular re-
lated problems. 
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1 Introduction 
Experimental work is robust, however, it is time consuming and costly [1, 2]. The 
experimental investigations of kinematics for artificial patella femoral joint replace-
ments for new samples and samples after 15 million cycles took more than 15 months 
to complete [3]. On the other hand, computational modelling is not costly and ex-
plains quasi-static conditions of any interactions, however, requires validation with 
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the experiments [3]. The same kinematics generated using multi-body dynamic simu-
lations took 2 hours. The kinematics generated using the multi-body dynamic simula-
tions were validated with experimental methods [3]. This paper outlines the two 
methods (namely computational and experimental) for understanding surface to sur-
face interactions at macro and micro scales. These methods are useful in conditions 
where great in-depth knowledge is required for design and development of medical 
devices. The paper is divided into two studies. The first study compares the dam-
age/contact maps generated by experimental, computational and retrieval studies of 
artificial patella femoral joint replacements at the macro scale. The second study high-
lights a frictional study between a glass bead (representing a catheter tip) against a 
fibronectin layer on a glass plate (representing tissues without the endothelial cells). 
Computational studies have been planned in future. However, the micro cellular inter-
actions will be beneficial to understand tribology at the micro level.     
2 Materials and Methods 
2.1 Experimental and Computational Tribological Studies at the Macroscopic 
Scale 
For the studies at the macroscopic scale, artificial patella femoral joint components 
(38 mm dome moderately linked ultra-high molecular weight polyethylene patella and 
Cobalt Chrome Molybdenum size 3 right femoral) were acquired from DePuy Inter-
national. Experimental tests were carried out in Knee Sim I (Leeds) at gait cycle [1, 2] 
for 12 million cycles. The damage maps generated due the tribological interactions 
were compared with retrievals [4]. More details on the kinematics associated with the 
gait cycle, lubrication used during the pre-clinical testing are reported elsewhere [1] 
A computational study was carried out using Multi-body Dynamic Simulations 
(MBDS) platform namely, MSC ADAMS (Siemens Inc, USA). The model was gen-
erated by importing the computer aided design (in STL formats). More details on the 
design and development of the model is reported elsewhere [3]. The tracks generated 
by any elements of femoral component were mapped on the patella component. Join-
ing the highest superior and lowest inferior points of the tracks resulted in generation 
of a contact map. The contact map generated was validated against experimental and 
retrieval studies.    
2.2  Experimental and Computational Tribological Studies at the Microscopic 
Scale 
The experimental studies were carried out using a Universal Material tester (UMT-2). 
An interaction of engineered tissue with endothelial cells and a catheter tip. Hence, 
the first step to understand the complete tribological interaction between catheter and 
engineered tissue was to investigate the effect on fibronectin. A glass bead of 1000 
µm diameter was slid (0.20 mm/s) against HiLyte FluorTM 488 Fibronectin (Cyto-
skeleton Inc., USA) coated on a glass petri dish to generate a contact pressure of 350 
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kPa. The tribological interaction was submerged in PBS solution. Images of the fi-
bronectin layer before and after the interaction with the glass bead were captured 
using inverted microscopy (Nikon Eclipse Ti, Amsterdam). Due to the complexity in 
the tissue being poroelastic and viscoelastic, a computational model will be developed 
in the future.  
3 Results and Discussion 
3.1 Experimental and Computational Tribological Studies at the Macroscopic 
Scale 
Good correlation between the experimental damage and MBDS contact maps were 
achieved (see Fig. 1). The damage and contact maps were covering 40% of the total 
surface area. However, the contact map was stretched towards the inferior side and 
the damage map was stretched towards the medial lateral side. This is due to the pres-
ence of limited medial lateral patellar motion (<1mm) in the MBDS.   
Further studies to include medial lateral motion (up to 6mm) will be conducted in 
future. The sensitivity analysis show that the medial lateral motion and flexion exten-
sion angles are important parameters influencing the size of contact maps generated 
by the MBDS computational model. These studies will help be helpful to design right 
implant for right patients for developing countries like Vietnam, India and Mexico. 
   
Fig. 1.  Comparison of experimental damage map (in black short dash) and computational 
contact map (in red long dash). Sensitivity analysis of the contact maps with change in kine-
matics are presented in solid green and solid blue. The star represents the centroid of the dam-
age map. S: Superior, I: Inferior, M: Medial and L: Lateral side of the patella component. 
3.2 Experimental Tribological Studies in Microscopic Scale 
The tribological interaction of a glass bead on a fibronectin layer generated a friction-
al graph as shown in Fig 2a. The coefficient of friction is constant at 0.2 for most of 
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the interaction. After a certain point, there is a drop in coefficient friction. This is due 
to the accumulation of fibronectin between the contacts resulting in lubrication and 
decrease in the coefficient friction as shown in Figures 2b and 2c. Due to the presence 
of PBS and buffer solution, the scratch boundaries can be easily located at 40x scale.    
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Fig. 2.  a) Frictional graph of interaction between fibronectin and glass bead, micro-
scopic image of fibronectin layer post interaction at b) 20x and c) 40x. The arrow 
represents the direction of sliding and red line represents the boundary of the scratch. 
The circle represents the fibronectin on the glass petri dish.  
 
 Frictional studies with hydrogel will be conducted in future to assess the effect of 
hydrogel on the tribological properties. The computational studies will be conducted 
and validated in parallel to understand the catheter tissue interaction. We predict the 
changes in catheter design in future based on the studies which will save a lot of mon-
Post Interaction  
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ey for developing countries in terms of number of days a patient takes to recover after 
the surgery in a hospital.   
4 Conclusion 
Experimental and computational methods are useful for understanding the interaction 
between two interacting surfaces in macro and micro scales. The paper describes two 
such studies: artificial patella femoral joint replacements and catheter tissue interac-
tions. These studies will generate substantial knowledge to improve design and devel-
opment of medical devices in future. 
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